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Preface 

A rather novel featuxe of the PDP-X is the design of its peri- 
pheral device control units. Basically, these controllers are 
processor units identical to the Central or Arithmetic Proces- 
sor hardware, including all special registers. Fast Kemory, 
Memory Bus, 10 Bus, etc. The difference lies in the organi- 
zation of the read-only Control Memory. 

Essentially, the organization of the AP Control Mem.ory is 
based on fetching a stored program instruction from Main Mem.- 
ory and carrying' out the sequence of ^UL~instructions it speci- 
fies. The 10 Processor Control Mem.ory, on the other hand, 
is organized to respond to commands from the AP V7hich specify 
lA-code sequences to control a device: start it, stop it, 
determine its operating status, transfer data to or from, it, 
and inform the AP of the condition of the lOP and any active 
device. 

A critical part of specifying the p.-codes for the Control 
Mem.ory specialized to a particular class of device is the 

determination of its communications with the remainder of the 

system. 
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I. Introduction 



Each PDP-X processor / v/hether Arithmetic Processor 
or I_nput~Output Control Processor, coinraunicates with 
the remainder of the system in two ways: Main Memory, 
via the Memory Bus, and other processors and peripheral 
devices through the _Input -Output Bus, On the 10 Bus, 
three separate means of communication are used: 

a. The ^nter— Processor Buffer, for transmitting con- 
trol information between AP and lOP? 

b. The lOP Status Register, for informing the AP 
on the status of the lOP, including active de- 
vices; 

c. The Device Status Register, for transmitting 
control and status information between a peri- 
pheral device and its lOP, 



Communications on the Memory Bus are identical for 
all processors and vjill not be discussed here. This 
memo will describe the operation of the ICP dedicated 
to the Magtape control function, and the use of the 
various signals transmitted and received on its 10 
Bus. 



II. ^nter-Processor Buffer 

The transfer of basic control information between 
the AP and an lOP is via the IPB Register, which 
has connections to the 10 Bus of each processor. 
The register format is identical to those of the 
Status Registers for the other devices which raay 
be operated on the AP's 10 Bus, Similarly, it 
responds to the "COMO" comiriand out to load the bits 
on the 10 Bus Data Lines, and the "CONI" command out 
causes it to transmit its contents on the Data Lines. 
(See Memioranda #29, sec, 3, and #30.) 

The IPB system is shovjn schem.atically in Figure I. 
The arrows show direction of allowed data transfer- 
for example, the COMimND bits m.ay be loaded only 
by the AP, but may be sensed by either processor. 
The dashed lines indicate bits from which are de- 
rived the two INTERRUPT signals. AP receives an 
INTERRUPT when REQUEST and EN^iBLE are set (i.e., 
INTERRUPT = REQUEST A FINABLE) J note that the AP 
•alone determines whether INTERRUPT will be allowed, 
since only the AP can set ENABLE. The only situation 
in which the lOP may be INTERRUPTED by the IPB is 
on an 10 Kalt command ( = COP^IKAND A COMMAND 1 ) . This 
command shuts down the presently active device im- 
mediately and unconditionally. The interpretation 
of and response to the bits is approximately the same 
at the AP for all devices, although lOP's for dif- 
ferent devices may treat various bits differently, 

A normal IPB sequence might be understood by an example 
Assume that a block of data is to be transferred from 
Memory to a certain Transport: the program, instruc- 
tion would be "IOC KTA, LOOS] ", setting BUSY and 
ENABLE in the IPB. At the next period of low lOP 
activity, such that a new operation may be initiated 
without interfering with an operation in progress, 
the lOP will read the state of the IPB. if BUSY = 1, 
the operation specified by the COMMAND bits will be 
initiated. Upon completion of this operation, or if 
an error is detected, lOP clears BUSY and sets REQUEST 
(causing an INTERRUPT at AP in this case, since 
ENABLE =1). In the case of error detection, UNUSUAL 
is also set. The "device" address assigned to this 
IP3 is placed on the Data Lines at the same time, as 
in other devices upon INTERRUPT, so that the AP may 
identify the calling- "device" and take appropriate 
action. 



Ill, Comiaand Lists and Words 

The alert reader will have noted that the TCP still 
needs much additional data, before execution of the 
program instruction may hegin on the Tape Transport, 
The lOP gets the information from, a Command List, v/hich 
the program has previously formed in Main Mem.ory. The 
structure of this Command List is shown in Figure II. 



For each type of peripheral device, a permanent Memory 
location is assigned, its address given by 500 + 
(Device Type No.) (from Memo #29, Section 3.6)? for the 
p Magtape, it is 540. This location will contain the 
^^ \ address of the Command List to be executed. The CL 

( ^ itself consists of: 

ryV , -. ** a. A Commtand Word, containing all data regarding 






tape function. Transport number, direction, etc.? 

b. A Medium Address, not used with Magtape; 

c. A Byte Address, specifying the location in Mem.ory 
for data transfer? 

d. A Byte Counter, specifying the total number of 
bytes to be transferred? 

e. Finally, a Coi-nmand Chain Address, pointing to a 
new Comm.and List to be executed upon termdnation 
of the present one, when its bit = 1., 



When an 10 Start is given, the three necessary words 
(CW, BA, BC) are loaded into the lOP • s fast mLem.ory. 
The "CVv, v/hose format is shovvn in Figure III, is de- 
coded to form the correct control word .to be trans- 
mdtted to the Transport's Status Register. 

Ficfure II also shows how Data Linking and Command 
Chaining are accomplished. Specifically, the Byte 
Counter only uses 15 bits of the word: bit is the 
Data Link I_^dicator. when DLI = 1, the following 
two words are another BA - 3C pair, specifying data 
transfer when the existing count overflows. If 
DLI = 0, for any of a series of Data Linked pairs, 
bit of the next word is the Command Chain I_ndi- 
cator, CCI = 1 indicates that the remtainder of the 
word is the address of the CW which begins the next 
Command List to be executed. If CCI = 0, this is the 
last of the chain? execution ends, status is updated 
and the lOP signals the AP (by setting BUSY and clear- 
ing ACTIVE in the IPB) that the job has been com- 
pleted. Note that, v/hen chaining occurs, the contents 



of location 540 are updated by the ICP to point to the 
currently active process. 

The Command Word forr-nat is almost identical for all 
device types; for exaraple, all CW s will use bit 4 
to specify the function to be performed by the device. 
However / the function codes will be interpreted dif- 
ferently by different device ICP ' s (e.g. / function 
code 1 will not cause a line printer to rewind). This 
will be discussed, in' more detail in a future m.em.o. 
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IV. Magtape Status Register 

The operating state of a Tape Transport is controlled 
and sensed via its Status Register. The SR may be 
considered as four bytes ; of which two consist of 
motion timing delays and are actually hard-wired at 
the time of original transport calibration. 

The SR inform.ation is placed on the Data Lines in re- 
sponse to a "COKl"- Command Out, A Select or -Counter 
determines which byte is sent for a given CCMI , and 
is increm.ented by CCKI . The S-C is reset vjhen the 
device is "SELECTED" • thus, the 10 Bus sequence for 
reading Status is a SELECT, even if this is redundant, 
followed by CONI four timtes. 

When this sequence is employed, the first byte received 
i.s a combination of all six. control bits plus the tvjo 
most important status/condition bits. This byte is 
the only part of the SR v/hich may be loaded from the 
Data Lines V7hen CCKO is received by the transport, thus 
effecting a change of control. The uses of the bits 
of Byte 1 are: 



Bit .^Meaning ^Hien J\ss erted_ ^ ^___ ^ ._ 

8 on Interrupt: data present under trans- 
port Read heads (allows the TCP Interrupt 
handling routine to distinguish between 
interrupts from, the transport clock and 
from, reading data) 

9 transport is connected to 10 Bus, is not 
in miotion; and povzer is on 

10 move, in direction specified by bit 11 

11 reverse 

12 send standard clock (probably SCO bpi) 
for timing of I_nter-Re5Cord Gap 

13 high-speed rewind to r30T« if bit 11 = 1, 
Rewind/Unload (see C?J bit 12) 

14 enable current to v/rite drivers 

15 SPARE 
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Bits .. and 9 are really Status/Condition information, 
althougn they are loaded by CCNO, The remainina bits 
are '.ontrol bits for the transport electrical svstem. 
Byi.e 2, wnicn contains Condition bits exclusively, n'-ay 
only be read. Its bits mean: -' ^ 



2J:Jt Meajiinq- J^^hen Ass er t ed 




1 

4 
5 
6 
7 



9-track transport selected 

in process of coming to rest from a 
command to move 

clock period, set by manual switch 
rewind in process 

write-protect ring is locked on tape reel 
Bnd~Of~Tape miark being sensed 
Beginning~Of~Tape mark being sensed 



The two rem.ainTncr bvtpc; r'on-{-;=!T '^ +->.^ •f->,>-^^ ^ t ... 
^^,,v.4- -u- «-ii-i.^ jjyufcb con cam tne three aelay -cimma 

coants which are needed for stoppincr and sta^-tina t^--" 
tape s m.otion at the correct spot between records, and 
o-or^ timing the distance from BCT to where wr-^t-i na -r^av 
begin. (Only three delays are sent, as the remaining 
three are derivable from them. ) They are not aenera^ed 
m registers, but are hard--wired at the time the trans- 
port IS calibrated. 



V. Magtape IDP Status Word 

By means of the ICP Status Word information concerning 
the operating state of the ICP; and any device which, 
is presently selected on the lOP's 10 Bus, is made 
available to the programjner. The SW is formed by 
the ICP v/hen a function is initiatevd and updated every 
time Command Chaining occurs, when a function ter- 
m.inates, or when som.e unusual condition is detected. 

The lOP Status Word is physically located in the Con- 
sole Indicator register of the lOP, The CI register 
is connected to the AP ' s IG Bus, becom.ing selected at 
the sam.e tim.e that the corresponding Inter-Processor 
• Buffer is selected by the AP, The tx^o bytes of the 
Status Word are then transmdtted to the AP when it 
sends two successive "DATI" comraands on its Comm.and 
Out lines (ICR instruction). 

The format of the lOP Status Word is shown in Figure \^, 
It v/ill be seen in future m.emos thiat m.ost bits are? 
assigned mLcanings v/hich \'7ill be similar for all types 
of selector-channel devices. A more detailed break- 
down of their m.eanings for the Magtape lOP is given 
belovj. 



Bit^ _ Mean i ng I'^hen Asserted 

error (inclusive or of bits 2, 3, and 8-15) 

1 selected transport not ready? power off, 
or in motion, or not connected to 10 Bus 

2 attemipt to Space Reverse or Rewind vzith 
selected transport at 30T 

3 attempt to write on a transport when m.ounted 
taps reel is protected against writing 

4 selected transport is revzinding 

5 £nd-Of-File mark detected 

6 ^nd-Of-Tape sensed by selected transport 

7 Beginning~Of-Tape sensed by selected transport 

8 attempt to select a transport not on the 10 
Bus 

9 data over-run? inputs too feist for memory 
access, or output too slow for V7rite strobe 
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Bit . Kieaninq When^ 

10 bad tape 

11 disagreement betv/een bytes in memory 
and on tape during Read/Compare process 

12 Byte Count did not reach zero concurrently 
V7ith end of record during Read or Read/ 
Compare 

13 lateral parity error 

14 disagreem.ent betv/een Cyclic Redundancy 
Character generated by lOP while Reading 
record and CRC read from tape 

15 disagreement between Longitudinal Parity 
Checks (check sum) generated by lOP and 
read from tape 



11 



J-! ^-^ r-i 4J 

rd CO (D «-; 
+J d; tJ fd 

r-i 

o o «-> O 

H H H! H 



U 

I 

-P 



O O rH O iH 

i 

O 1. C O iH •-! 




o 
-p 

CO 

0.) 
0". 



H4 

PI 
u 



Lj 
t/3 
GJ 
V 
O 

u 

Of 

I 

-p 

H 



H 



•n' 

ft4 



*f ^* «. 



12 



V Co 



Coinirand List Address O 



n 



Data Linkinq Indicator( 



Corrjnand Chaining Indicator C 



"~~^ 



CoiTjnand Word 



(Medium Address) 



Byte Address #1 




/ 



/ 



/ 



/ 



/ 



/ 



Ficrure II. General Corainand List Structure 
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Table III. 

Program Coiriraand ^Jlord 
Function Codes, bits 4-7, as interpreted 
by the Magtape 10 P • 




1 
2 



6 
7 

10 

11 

12 ■ 
13 
14-17 



-Jl^SL^3jig_Jvhen___As_se^ ___^ 

No operation . 

F_g>I?Jl^? stop at BOT 

S^gace -number of records specified by BC? take 
direction from bit 3 

Head number of bytes of data specified by BC 
(num?oer of records if bit 10 = 1) into Memory 
beginning at BAr test for parity as selected 
by bit 8? form^ Longitudinal Parity Character 
(check sum), and, if 9--track tape, Cyclic Redun- 
dancy Character 

R e,ad/C ompajre ; read f3C] bytes (or records) 
from, tape, com.paring each with mem^ory data he- 
ginning at ^BAJ 

Write on tape JBC} bytes beginning in mem.ory 
at jBAj , inserting selected parity; com.pute 
LPC, also CRC if 9-'track, and use these to write 
the 2nd~Cf~Record Mark (note: during Write, 
data will be read back after writing and parity 
checked) 

]d±l^ End-^f"Pile Hark 

^rite Extended Inter-record Gap* produces 3" 
of blank tape 

Read in Imaoe Mode: 9-bit bytes, transferred 
into sequential miem.ory locations without packing, 
including CRC^ LPC 

Write in Image Mocle: write the low 9 bits of 
sequential m.em.ory locations directly onto tape 

!l§J£?Jl^/1:LDJkSI^^- rewind until all tape is trans- 
ferred to one reel; do not stop at BOT 

Load Map: load the lOP paging registers from, 
memory beginning at [bA] 

Unas signed 
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